The combined action of the inhibitors antimycin A and cyanide with benzobydroxamic acid indicates the presence of a cyanide-resistant pathway of respiration in chick pea (Cicer arietinum L.) seeds. The appearance of this pathway takes place during germination. During the first 12 hours of germination, the respiration is predominantly cyanidesensitive, showing after this time a shift to an "alternate" respiration which is sensitive to benzohydroxamic acid, reaching the maximal cyanide resistance between 72 and 96 hours of germination. The appearance of the alternate pathway is initiated by high 2 concentrations and depends on cytoplasmic protein synthesis, since its appearance is inhibited by cydoheximide but not by chloramphenicol. Actinomycin D has no effect on the appearance of the alternate pathway. Our results indicate, in agreement with other authors, that the branching point is located between the flavoproteins and cytochromes b, probably at the level of ubiqunone, but the possibility of more than one branching point of the electron flow is also considered.
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Cyanide-resistant respiration is a frequent phenomenon in many higher plants. In plant mitochondria, it has been demonstrated that this alternate pathway interacts directly with the main respiratory chain containing the cytochromes (3, 15, 18) . The most generally accepted hypothesis is that the branching point is formed by two constituents in equilibrium with each other (2) , work confirmed recently by Storey (22) .
Although the studies published during the last few years about cyanide-resistant respiration in some species of Arales (18) , aged potato slices (14) , and in some microorganisms (8, 13) have been numerous, the studies of the alternative pathway during germination are very scarce (26) . The objectives of the experiments reported herein were to demonstrate the presence of the alternate pathway in germinating chick pea seeds, the development of the cyanide-resistant respiration during germination, the relative localization of the branching point, and the effect of 02 and protein synthesis inhibitors on the respiration and appearance of the pathway.
MATERIALS AND METHODS
Chick pea (Cicer arietinum L.) seeds were soaked in 1% sodium hypochlorite for 5 min and then-washed throughly with sterile distilled H20. The seeds were then germinated in a dark room at 25 C at 70% relative humidity on moistened filter paper. The seeds germinated under N2 were put on moist filter paper in Petri dishes in a vacuum desiccator. Fieser solution (250 ml) was added to the desiccator in order to absorb the 02 not removed by the N2 stream (23 was suspended in about 20 to 30 ml of suspending medium: 0.5 M mannitol, 0.2% BSA, and 7.5 mm K-phosphate buffer (pH 7.2). After 5 min centrifugation at 850g, the mitochondrial fraction was sedimented from the supernatant at 8,700g for 10 min. The resulting mitochondrial pellet was resuspended in 2 to 3 ml of suspending medium. The final suspension contained about 20 to 25 mg of mitochondrial protein/ml and was placed in an ice bath during the experimental period.
Measurement of Respiratory Rate. Oxygen uptake was measured polarographically with a conventional Clark 02 electrode (Yellow Springs Instruments Co.). All measurements were carried out at 25 C in a stirred chamber. All rates of 02 consumption are expressed as nmol 02/min -mg mitochondrial protein. The total volume of the reaction mixture was 3.5 -ml and the standard reaction medium had the following composition: 0.5 M mannitol, 0.2% BSA, 15 mm K-phosphate, 4 mM MgCI2, 75 mm K-phosphate buffer (pH 7.2). Substrates, succinate, NADH or malate, were added to the reaction medium after 3 min of thermal equilibrium. When malate was used as respiratory substrate, glutamate was also added to the reaction medium (6) . The respiratory rates were calculated from a recorder trace on the basis of 240 ,UM 02 in aerated medium. The respiratory control and ADP/O ratio were determined from the 02 electrode trace obtained upon addition of ADP, according to the method described by Estabrook (11) .
The respiratory inhibitors, rotenone (5 ,ug/ml), antimycin A (1.5 ,ug/ml), benzohydroxamic acid (1.5 mM), and cyanide (0.1 mM) were added to a stirred chamber with a Hamilton precision microsyringe at the required time. The concentration of the protein synthesis inhibitors, cycloheximide and chloramphenicol and the RNA synthesis inhibitor actinomycin D added to the germination medium are indicated under "Results." The mitochondrial protein concentration was estimated by the method of Lowry et al. (16) with BSA as standard.
RESULTS
Action of Inhibitors Cytochrome Chain on Respiratory Activity. Table I shows the effect of rotenone, antimycin A, and cyanide on the oxidation and phosphorylative activity of succinate, NADH, and L-malate. Rotenone did not affect the oxida-524 (1, 20) . Figure 1 control. In all of the subsequent assays a BHAM concentration of 1.5 mm was used.
Development of Cyanide-insensitive Respiration during Germination. A characteristic O., record showing the effect of the sequential addition of succinate, cyanide, and BHAM on coupled chick pea mitochondria obtained at different times of germination is shown in Figure 2 . The addition of cyanide reduced the respiratory rate in a variable proportion according to the seedling age. The subsequent addition of BHAM completely inhibited the O. uptake. Higher concentrations of cyanide (more than 0.1 mM) did not produce additional reductions of the respiratory rate. During the first 12 hr of germination the mitochondrial respiration was strongly inhibited by cyanide (approximately 75%), after which the cyanide resistance increased progressively reaching the maximal resistance at 72 hr of germination (approximately 32% of inhibition) (Fig. 2) . These results show that increase in the cyanide-insensitive respiration is in parallel with the increase in germination time and seems to prove the appearance of an alternate pathway cyanide-resistant during the germination of C. arietinum seeds.
Germination in Anaerobiosis. Replacement of air by N., in the atmosphere under which the seed germinated caused a total inhibition of germination. The anoxia considerably reduced the oxidative capacity of the mitochondria. The respiratory rate of mitochondria from seeds incubated under N., with succinate or NADH as respiratory substrates was four times lower than those maintained in normal atmosphere, and two times lower BURGUILLO AND NICOLAS when the substrate used was malate. The respiratory control also decreased, while the ADP/0 ratio did not show significant variations (Table II) . The sensitivity of the mitochondrial respiration to cyanide and antimycin A was also very deeply disturbed. The 0, uptake by isolated mitochondria from cotyledons incubated 96 hr in N, with succinate as respiratory substrate was inhibited approximately 80% by cyanide and 70% by antimycin A, while 02 uptake by isolated mitochondria from cotyledons of the same age germinated in normal atmosphere was only inhibited 32 and 34%, respectively. Similar results were obtained with NADH and malate as respiratory substrates (Table III) . These data indicate that the lack of 02 prevents the normal development of the cyanide-insensitive respiration.
Effect of Some Protein and Nucleic Acid Synthesis Inhibitors. Cycloheximide (1 mM) as well as anaerobiosis inhibited germination. Mitochondria isolated from seeds treated with cycloheximide showed a reduction of the oxidation rates of approximately 70%. Nevertheless, the RC and ADP/0 ratios were not disturbed (Table II) . The appearance of the cyanide-insensitive respiration was also inhibited by the treatment with cycloheximide. Table III shows that the mitochondria from seeds treated with cycloheximide were very sensitive to cyanide and antimycin A. Chloramphenicol (1.5 mg/ml) and actinomycin D (10 ,ugI ml) only partially inhibited the germination. The treatment with chloramphenicol produced a variable reduction of the oxidative activity of the mitochondria depending on the respiratory substrate used: approximately 30% with malate and 60% with NADH. Actinomycin D also reduced the respiratory activity, approximately 35% with malate and 50% with NADH. The phosphorylative efficiency was very deeply disturbed by both inhibitors, since the RC and ADP/0 ratios were significantly lower than those of the control mitochondria (Table II) . In contrast to the mitochondria isolated from seeds treated with cycloheximide, the mitochondria from seeds treated with chloramphenicol or actinomycin D were insensitive to cyanide and antimycin A, and when succinate was the respiratory substrate the insensitivity was even higher than that of the control (Table  III) . These results indicate that chloramphenicol and actinomycin D do not affect the development of the alternate pathway.
DISCUSSION
The partial resistance of electron transport to cyanide and antimycin A and the complete inhibition of this electron transport when the action of cyanide or antimycin A is combined with BHAM, support evidence for the presence of a pathway alternate to respiration of germinating chick pea seed mitochondria. It seems well established at present that the cyanide-insensitive respiratory pathway, whenever present, coexists with the main Cyt chain (14) . Actually, the most generally accepted hypothesis is that the alternative respiratory pathway branches from the Cyt chain at a point located between the flavoproteins and Cyt b (3, 10, 15) . This hypothesis suggests that the branching point is formed by two constituents in equilibrium with each other (2) . This supposition has been recently confirmed by Storey (22) who identified ubiquinone as the common carrier, and a flavoprotein with which it is in equilibrium. Our results, obtained by the combined utilization of three respiratory substrates and three inhibitors of the electron transport, also seem to demonstrate that the branching point could be located between the flavoproteins and Cyt b, probably at the level of ubiquinone. However, in our mitochondria as in those from Arum (5), rotenone produced only a partial inhibition of malate oxidation, suggesting that at least some of the electrons can be diverted to the alternative pathway at the level of the flavoproteins themselves. At the same time it could explain the complete inhibition of phosphorylation obtained with rotenone when malate was the substrate oxidized, since some of the electrons from this substrate could be diverted to the alternate pathway at the level of flavoproteins prior to the first phosphorylating point of the normal respiratory chain. This possibility also seems to be in agreement with the hypothesis that the branching point of the electron flow is located at the level of more than one constituent of the cytochrome chain (14) .
The appearance of a cyanide-insensitive respiratory pathway under natural conditions in an organism or in a tissue is usually related either to a phenomenon of aging or to a change in physiological state (14) . During the germination of seeds of C. arietinum similar respiratory changes to those described during the growth of microorganisms or tissue aging were obtained (14) . The mitochondria showed more resistance to cyanide with the increase in germination time. In a recent publication Yentur and Leopold (26) (14) . Wilson (24) has shown that in cultured sycamore cells, the synthesis of the cyanide-insensitive pathway is initiated by high 02concentrations. This phenomenon also seems to take place during germination of chick pea seeds, since the maximal development of the alternative pathway coincides with the protrusion of the radicle which marks the shift from anaerobic to aerobic respiration (4 Cyt chain, but also to an increase in the activity of the alternate pathway.
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